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 Systemic flooding has been one of the most pressing infrastructure problems facing low-
lying communities in the Chicago metropolitan area. The Chatham neighborhood, located on the 
city’s south side, represents a unique case study to investigate local flooding causes and solutions 
because of its high rate of residential flood damage and significant stakeholder investment in low 
impact development (LID) infrastructure. While conventional hydrologic & hydraulic simulation 
models such as the Storm Water Management Model (SWMM) can provide effective predictions 
about urban flooding, the development of dual drainage models (DDM) offers a unique 
opportunity to improve upon traditional methods. This study investigated the comparison between 
SWMM and DDM based on how each model platform simulated the base conveyance patterns and 
the relative flood management impacts of various LID infrastructure elements in Chatham.  
 Parallel models for the Chatham area stormwater conveyance system were constructed, the 
first was built in the SWMM model platform and the second was built in the DDM model platform. 
Each model was programmed with six unique LID scenarios based on two LID-based projects 
planned for the neighborhood. A series of design storms, constructed utilizing Huff distribution 
hyetographs, were simulated for each model and LID scenario in order to assess a variety of 
comparison parameters.  
 The analysis demonstrated that due to the consideration of the conveyance mechanisms of 
engineered roadways, the DDM simulates significantly higher flow rates and flow peaks that occur 
earlier in a given event duration than the SWMM framework which omits those considerations. In 
addition, the parallel model assessment of the conveyance system performance indicated that 
significant flow directionality reversal occurs under high flow rates due to the unique positioning 
of Chatham within the sewershed network of Chicago. While the assessment of LID performance 
indicated that LID scenarios with increased storage result in increased flood management benefits, 
LID element geospatial distribution and temporal differences in rainfall distribution resulted in 
unique outcomes for certain design storm events. 
 The results indicate that the DDM is able to simulate a significantly higher flow rate that 
would otherwise be overlooked through conventional SWMM modeling applications. For a highly 
developed urban area like Chatham, the DDM could be a compelling alternative simulation tool 
for diagnosing infrastructure vulnerabilities and identifying flood management solutions. 
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CHAPTER 1: INTRODUCTION 
1.1 Research Questions 
This study utilizes two unique stormwater modeling approaches to characterize flow 
properties for a complex urban sewer system, and to assess the flood prevention characteristics of 
various low impact development (LID) scenarios on the system. The analysis will compare the 
modeling results of an Environmental Protection Agency (EPA) Storm Water Management Model 
(SWMM) and a Dual Drainage Model (DDM), both of which have been built to represent the 
urban neighborhood of Chatham located within Chicago, IL. The goal of the study is to answer the 
following research questions: 
• How do the SWMM and the DDM frameworks compare at representing the sewer system 
complexity of Chatham? 
• Can the analysis of two parallel stormwater models provide any unique insight into 
understanding the high rates of flooding within Chatham? 
• How do the SWMM and the DDM frameworks compare at analyzing the flood prevention 
impacts of current and future LID infrastructure projects within Chatham? 
• Can the analysis of two parallel stormwater models better inform community stakeholders 
and government agencies about planned investments in LID infrastructure projects within 
Chatham? 
 
1.2 Chatham Neighborhood of Chicago 
The area of study for this research project is in the Chatham neighborhood located on 
Chicago’s south side, as shown in Figure 1.1.  As one of 77 community areas within the boundaries 
of the City of Chicago, Chatham is considered a middle-market neighborhood that is economically 
stable and majority owner occupied (Moore, 2017). Chatham is home to approximately 30,000 
residents, 95% of whom ethnically identify as Black non-Hispanic, and 41% of whom are over the 
age of 50. With a median income of $31,828, Chatham falls 42% below the citywide median value 
(CMAP, 2020). 
 
History of Chatham 
The neighborhood initially began to incorporate in the late 1800’s as Irish and European 
immigrants settled in the area located just a few miles from downtown (Moore, 2017). In the 
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1920’s, Chatham experienced significant population growth as white, middle class residents 
sought housing options further from the city center. Following the 1948 U.S. Supreme Court 
Shelley v. Kramer decision, which removed racially restrictive housing covenants across the 
country, black families who were previously restricted to red-lined areas of the city began to move 
into the suburban community areas similar to Chatham (Moore, 2017). The racial makeup of the 
neighborhood quickly changed during this period, due to the rapid movement of white families in 
response to the demographic shift. In 1950, Chatham was 99% white, in 1960 the white population 
had dropped to 63%, and by 1970 the neighborhood population was over 99% black (Moore, 
2017).  
 
Figure 1.1 Geographic location of Chatham neighborhood of Chicago, IL 
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Despite the rapid mid-century shift, the community area was able to maintain its middle-
class socio-economic character, and since the 1970’s, Chatham has been home to a vibrant African 
American, middle-income community. According to the Greater Chatham Initiative, a local 
community improvement organization, “Historically, the Chatham neighborhood’s residential and 
economic stability has been both a beacon and an anchor for Chicago’s south side (Greater 
Chatham Initiative, 2020).” 
However, the recession of 2008 had a particularly negative impact on the community, 
resulting in a rise in unemployment to 16.1%, which is nearly double the average value of 8.9% 
for the entire City of Chicago (CMAP, 2020).  On top of economic hardships and an aging 
population of homeowners, Chatham is also home to some of the most severe and systemic 
flooding issues in all of Cook County. 
 
Flooding Issues in Chatham 
The Center for Neighborhood Technology (CNT) conducted an analysis of flood damage 
payments made by both private insurance companies and federal disaster relief funds to the 169 
ZIP codes within Cook County between 2007 and 2011. The study found that the Chatham 
neighborhood ZIP code had both the highest number of flood claims paid out and the highest total 
value of flood damages paid to residents. Combined with Chatham’s neighboring community area, 
residents of the two ZIP codes received more than $50 million in damage recovery payments 
through 16,790 unique claims (CNT, 2013).  In 2013, severe flooding in Chatham resulted in a 
Federal Disaster emergency declaration for the neighborhood. The single event resulted in over 
465 private insurance claim payouts, totaling over $3.3 million in damages (CNT, 2015). 
In 2013, CNT compiled data from (i) a 208-community member survey, (ii) municipal non-
emergency “311” call data, and (iii) a local meeting for victims of the 2013 flood event. The 
resulting geospatial analysis conducted by CNT can be seen in Figure 1.2. The survey results 
indicated that 84% of respondents experienced flooding on their properties, with over 40% 
reporting at least 10 unique flooding events (CNT, 2015). 
Chatham residents primarily experience flooding manifested through sanitary sewer 
backups (CNT, 2015). Sanitary sewer backups are the result of high levels of stress placed on the 
sanitary sewer system. In areas like Chatham, with combined sewer systems, the stormwater 
conveyance sewers are connected to the sanitary sewer lines which convey the entirety of the 
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combined flow to the downstream wastewater treatment facility. During high intensity storm 
events, when the flow through the combined system exceeds capacity, the system will compensate 
by backing up water through residential sanitary pipes. This process results in a combination of 
stormwater and raw untreated sewage to be released through residential flood drains, basement 
toilets, and manholes on public streets and alleyways (CNT, 2015). The causes of such systemic 
flooding in the area around Chatham are likely due to a combination of factors such as low 
elevation, high urbanization and development, and aging sewer infrastructure. 
 
 
Figure 1.2 CNT April 2013 Community Data Collection -Courtesy of the U.S. Army Corps of 
Engineers (CNT, 2015) 
 
Causes of Flooding in Chatham 
Due to the low-lying elevation of the city as a whole, Chicago has a recorded history of 
flooding dating back to 1673 when French explorers were forced to move their camp location due 
to flooding (IDNR, 1998). The flat elevation throughout the city was such an issue for urban 
drainage that in 1852, when Chicago’s combined sewer system was beginning construction, city 
engineers needed to raise the ground level across the entire city by 4 to 14 ft in order to accomplish 
the necessary gravity flow (Cain, 2005). However, as shown in Figure 1.3, Chatham is positioned 
at one of the lowest elevation areas in the city. Following the rapid development of suburban 
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Chicago communities like Chatham over the mid-century, many natural floodplains, wetlands, and 
depressional areas were displaced to allow for increased housing construction. This uncontrolled 
pattern of urban development in historic floodplains has resulted in an estimated average annual 
cost of $28.7 million in floodwater damages across Chicago (IDNR, 1998). 
 
 
Figure 1.3 LiDAR surface elevation map of Chatham community area 
 
While much of Chicago’s sewer infrastructure is vulnerable to decay due to aging, the 
relative position of Chatham with respect to the city’s primary sewersheds make it particularly 
vulnerable. The Chatham neighborhood is positioned at the boundary of two of the city’s primary 
water reclamation plant (WRP) sewersheds. As shown in Figure 1.4, Chatham’s combined storm 
and sanitary flows drain both north to the Stickney WRP and south to the Calumet WRP. Since 
the neighborhood is positioned at the most upstream edge of both systems, there is a high 




Figure 1.4 Contributing water reclamation plant sewersheds 
 
1.3 Low Impact Development (LID) 
Low Impact Development (LID), often referred to as “green infrastructure” is broadly defined 
by the European Environmental Agency as a “strategically planned network of natural and semi-
natural areas with other environmental features designed and managed to deliver a wide range of 
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ecosystem services (EEA, 2011).” The breadth of ecosystem services offered by various types of 
LID can include numerous benefits such as controlling localized temperature, air quality 
improvement, drought resiliency, and water quality improvements. However, for the purposes of 
this study, the focus will remain on LID elements that are intended to primarily influence 
stormwater flood management.  
When an area of land is subjected to development and urbanization, increases in impervious 
surfaces and the implementation of conveyance structures such as road and sewer networks result 
in increased runoff to streams from rainfall and snowmelt. As a result of these processes, peak 
discharge, volume, and flood intensity increase throughout the system (Konrad, 2014). From the 
perspective of flood management, LID elements utilize a general approach intended to restore 
portions of an area’s land use to mimic pre-development hydrology (Ahiablame & Shakya, 2016). 
These practices attempt to utilize storage, evaporation, and infiltration mechanisms to return 
hydrograph peaks incrementally closer to pre-development levels. 
The primary benefits credited to the adoption of LID on addressing flood concerns have 
been for its capacity to reduce stormwater runoff peaks and total runoff volume (Ahiablame & 
Shakya, 2016). A 2009 study conducted in suburban Waterford, CT analyzed stormwater runoff 
in a traditional sub-division new construction compared with a sub-division new construction that 
utilized a wide range of LID elements including bioretention swales, permeable pavements, and 
bioretention areas. The analysis found that postconstruction stormwater flow rates were reduced 
by 42% in the sub-division with LID elements, and that the peak discharge was at the same level 
as pre-construction conditions (Bedan & Clausen, 2009).  
This research study will focus on the use of permeable pavers, dry wells, and bioretention 
areas as LID elements. A permeable paver is a porous urban surface made up of open pore pavers, 
concrete, or asphalt with an underlying stone reservoir. Permeable pavers absorb stormwater 
runoff and store it in the underlying reservoir allowing it to infiltrate into the soil below (Selbig & 
Buer, 2018). Field measurements on the use of permeable pavers in parking lots have been shown 
to reduce average runoff amounts by 15-93% when compared to asphalt surfaces (Dreelin et al., 
2006; Rushton, 2001). Dry wells or dry cisterns are similar in construction to rain barrels but are 
used to transmit water underground. They are typically lined with perforated casing and can be 
filled with gravel or rock (Edwards et al., 2019). Dry wells are used to capture excess surface 
runoff and transmit it underground for improved infiltration. A single dry well can transmit up to 
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5 acre-ft of water per year to underlying aquifers (Edwards et al., 2019).  A bioretention area is a 
depressed, vegetated area in a landscape that is designed to collect stormwater runoff from the 
surrounding area for the purposes of detention, evaporation, and infiltration. Bioretention areas 
such as rain gardens are commonly utilized to reduce stormwater runoff volumes and improve 
water quality through filtration (Asleson et al., 2009).  
 
LID Projects in Chatham 
In order to mitigate the systemic flooding issues within Chatham, various municipal and 
community-based organizations have planned and implemented numerous infrastructure 
improvement projects. Many of these projects have involved various LID elements. This research 
study will focus on the development of two of these projects within Chatham.  
In April of 2016, the City of Chicago Department of Water Management (DWM) and the 
Chicago Department of Transportation (CDOT) initiated the Cottage Grove Avenue (CGA) 
Project, which was intended to incorporate LID infrastructure into the street renovation of a 6-
block section of a major roadway that passes through the neighborhood (City of Chicago, 2014). 
The project would install infiltrating tree pits and permeable pavements in order to improve local 
stormwater management. The project was completed in June 2017, and an example of one of the 
LID elements from this project can be seen in Figure 1.5. CDOT is interested in extending the 
LID street renovation on 4 additional blocks within Chatham, however this project is currently on 
hold pending approval of funding. 
 
 
Figure 1.5 Section of permeable pavers and infiltrating tree pits - Cottage Grove Ave. Project 
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CNT in conjunction with the Metropolitan Water Reclamation District (MWRD) of 
Chicago are pursuing a small-scale residential LID initiative within Chatham, that is intended to 
impact a 10-25 residential home area. The project intends to offer backwater valves on sewer 
intakes in coordination with residential rain gardens and dry well infrastructure as complimentary 
LID elements. Sections of the preliminary design drafts of the dry well and bioretention area 
construction for this project can be seen in Figure 1.6.  
 
 
Figure 1.6 Plan view draft drawings of CNT residential dry well and rain garden 
 
1.4 Dual Drainage Modeling 
This research project will focus on assessing the performance of a type of urban drainage 
modeling known as dual drainage. This is a modeling approach in which a numerical model of 
rainfall runoff simulation takes into account both the flow through the sewer system, and the flow 
on the surface including the conveyance and drainage structures built into the roadway network 
(Djordjević et al., 1999). By coupling the subsurface pipe-flow dynamics with the open-channel 
hydraulic interactions of flow through the roadways, a dual drainage model provides a more 
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reliable simulation of urban flooding and improved data analysis of its impacts (Djordjević et al., 
2005).  The distinct analysis of the bi-directional interaction between surface flow and sewer flow 
in a surcharged system is illustrated in Figure 1.7 (Schmitt et al., 2004).  
 
 
Figure 1.7 Interaction of surface and sewer flow in a dual drainage system (Schmitt et al., 2004) 
 
An urban drainage model that considers the bi-directional interactions between the sewer 
conveyance system and the street conveyance system is important because the two parallel 
infrastructure systems are designed to manage unique flood conditions. While sewer conveyance 
systems are typically designed to handle 5-year storm events, street cross-sections with curb and 
gutter designs are intended to convey runoff resulting from high intensity storm events on the order 
of 100-year recurrence intervals (Ellis et al., 1982). In an urban environment with high percentages 
of impervious surfaces and complex street networks, considering the bi-directional interactions 
between these two systems along with the initial conveyance mechanisms of the street network 
could provide a more accurate picture of simulated flood conditions. As a result of these 
advantages, a dual drainage model could be an increasingly useful tool for urban planners and 





CHAPTER 2: LITERATURE REVIEW 
 
For the purposes of this research project, the area of study will be analyzed using two 
rainfall-runoff simulation models. The first model was constructed with the U.S. Environmental 
Protection Agency (EPA) Storm Water Management Model (SWMM), and the second was a Dual 
Drainage Model (DDM) developed by Dr. Leonardo S. Nania from the University of Granada, 
Spain. 
 
2.1 Storm Water Management Model (SWMM) Overview 
EPA SWMM was first developed in 1971, and it is a popular rainfall-runoff simulation 
model that can be utilized for both single event and continuous event simulations of both hydraulic 
performance and water quality conditions from primarily urban areas (Gironás et al., 2010; 
Metcalf & Eddy, Inc. et al., 1971). It is one of the most widely utilized stormwater simulation 
models, and it is used as the primary sewer routing engine for numerous commercial modeling 
applications. SWMM categorizes a watershed area into a collection of subcatchment areas that 
receive precipitation and generate runoff and pollutant loadings (Rossman, 2015). SWMM then 
routes the surface runoff through a user-defined system of sewer pipes, open channels, storage 
devices, and pumps to simulate the hydraulic performance of the stormwater management system 
(Rossman, 2015). SWMM then calculates the quantity and quality of runoff generated from each 
subcatchment, as well as the flow rate, depth, and water quality within each pipe and channel over 
the course of the simulation period (Rossman, 2015).  
SWMM conceptualizes the user-defined drainage system into four distinct and 
interconnected components: atmosphere, land surface, groundwater, and transport. The 
atmosphere component utilizes rain gages as objects that represent the generation of precipitation 
inputs into the system based on user-defined precipitation time series data. The land surface 
component, which is made up of the user-defined subcatchment areas, receives the precipitation 
input from the atmosphere component and sends outflow in the form of infiltration to the 
groundwater component, as well as surface runoff to the transport component (Rossman, 2015).  
The subcatchments that the land surface component is composed of, are hydrologic units 
that drain direct surface runoff to a single discharge point. Each subcatchment is divided into 
pervious and impervious subareas based on user-defined topographical inputs. The volume of 
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water that is distributed to the pervious area of a subcatchment is the input into an infiltration 
simulation of the unsaturated upper soil zone. SWMM offers five different infiltration 
methodologies for the groundwater infiltration component of the model: (i) Horton Infiltration, (ii) 
Modified Horton Infiltration, (iii) Green-Ampt Infiltration, (iv) Modified Green-Ampt Infiltration, 
and (v) Curve Number Infiltration (Rossman, 2015). For this research project, only the Green-
Ampt Infiltration model will be considered. 
Initially developed in 1911, the Green-Ampt Infiltration model is based on empirical 
observations applied to a simplified infiltration mechanism, where the advancing wetting front of 
saturated soil moves downward into dry soil due to matric suction (Green & Ampt, 1911). The 
Green-Ampt Infiltration equations for infiltration rate can be written as (Mein & Larson, 1973):       
 








             Assume, ℎ𝑜 = 0                  𝑓 =  𝐾𝑠








” represents the hydraulic gradient of the soil column, “𝜓𝑓” represents 
the matric pressure at the wetting front, “hf” represents the hydraulic head of the wetting front, and 
“ho” represents the hydraulic head at the column surface which is zero unless there is ponded water 
at the surface. The depth of the wetting front, “Zf”, can be related to the cumulative amount of 
infiltrated water, “F”, by: 
 
𝐹 =  𝑍𝑓(𝜃𝑠 −  𝜃𝑖) (2.2) 
 
Where “θs” represents the saturated soil moisture content, and “θi” represents the initial soil 
moisture content. By rearranging Eq. 2.2 to solve for Zf and substituting it into Eq. 2.1c, the time 
dependent infiltration rate, “f(t)”, can be described by: 
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𝑓(𝑡) =  𝐾𝑠 +  𝐾𝑠
|𝜓𝑓|(𝜃𝑠 −  𝜃𝑖)
𝐹
 for 𝑡 < 𝑡𝑝  (2.3a) 
𝑓(𝑡) = 𝑃 for 𝑡 ≥ 𝑡𝑝 (2.3b) 
 
where “t” is time of simulation, “tp” is the time when water begins to pond on the surface, and “P” 
represents the precipitation rate. Therefore, as shown in Eq. 2.3a, the Green-Ampt Infiltration 
method iteratively utilizes the cumulative amount of water infiltrated at a given time to compute 
the infiltration rate. During dry periods, the recovery rate of the moisture deficit is empirically 
related to the hydraulic conductivity of the soil (Rossman, 2015).  
The depth of water over the subcatchments that is not consumed through the infiltration 
mechanism or the evaporation mechanism, gets converted into surface runoff per unit area, “Q”. 
The outflow rate of the surface runoff is calculated through SWMM using Manning’s Equation as 
shown in Eq. 2.4 (Rossman, 2015): 
 





where “n” represents the Manning roughness coefficient of the land surface, “S” represents the 
friction slope, “A” represents the cross-sectional area, and “R” represents the hydraulic radius. The 
depth of the water over the subcatchment, which serves as the input to the infiltration, evaporation, 
and surface runoff components, is continuously updated with the simulation timestep by 
numerically solving a water balance equation for each subcatchment (Rossman, 2015).   
The surface runoff outflow from each subcatchment is then transmitted to the transport 
component of the model by routing the flow through the user-defined sewer conduit network. The 
flow routing within each conduit link in the network is governed by the one-dimensional (1D) 
Saint Venant flow equations which are made up of the sets of conservation of mass and 























+ 𝑔𝐴𝑆𝑓 + 𝑔𝐴ℎ𝐿 = 0 (2.6) 
 
where “x” is the distance along the conduit, “t” is time, “A” is cross-sectional area, “Q” is flow 
rate, “H” is hydraulic head in the conduit, “Sf” is the friction slope, “hL” is the local head loss, and 
“g” is the acceleration due to gravity (Rossman, 2006).  
SWMM allows for the user to define whether the flow routing is calculated using (i) steady 
state flow routing, (ii) kinematic wave flow routing, or (iii) dynamic wave flow routing. For each 
routing method, SWMM utilizes Manning’s Equation as shown in Eq. 2.4 to relate flow rate, flow 
depth, and friction slope within each conduit link (Rossman, 2015). For the purposes of this 
research project, the dynamic wave flow routing method was considered in order to present a 
reasonable comparison to the flow routing methods utilized in dual drainage modeling. Dynamic 
wave flow routing works by solving the complete 1D Saint Venant flow equations as shown in 
Eq. 2.5 and Eq. 2.6, which allow for consideration of backwater impacts and reversal of flow 
directions, and produces the most theoretically accurate simulation results (Rossman, 2015).  
Within the SWMM framework, LID control properties are considered parameters that can 
be programmed into the characteristics of each subcatchment. Within each subcatchment, each 
LID element is attributed a unique portion of the runoff generated by the non-LID fraction of the 
subcatchment (Rossman, 2015). SWMM can model eight unique LID infrastructure types: (i) 
bioretention cells, (ii) rain gardens, (iii) green roofs, (iv) infiltration trenches, (v) permeable 
pavements, (vi) rain barrels, (vii) rooftop disconnections, and (viii) vegetative swales (Rossman, 
2015).  
Although not commonly utilized, SWMM has the capabilities of simulating a dual drainage 
system, where the transport component network is broken into 2 distinct systems consisting of the 
“minor” underground pipe network, and the “major” roadway flow network as shown in Figure 
2.1 (Ellis et al., 1982; Gironás et al., 2010). The conduits in the major network are defined with 
the cross-sectional elements of the roadway being simulated. Roadway cross-sectional elements 
can be specified by defining the conduit as an irregular channel transect, with user-defined input 
geometries. The “major” network connects to the “minor” network through junctions that directly 
connect the streets with the parallel underground conduits. However, while SWMM can 
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accommodate dual drainage simulation, it requires significant additional effort in terms of model 
construction (Gironás et al., 2010).  
 
 
Figure 2.1 Example layout of dual drainage transport component in SWMM (Gironás et al., 2010) 
 
2.2 Dual Drainage Model (DDM) Overview 
Dual drainage modeling is the concept of coupling overland flow models (OFMs) with 
sewer flow models (SFMs) (Chang et al., 2018). In urban areas, the overland flow network is 
highly engineered through roadway and alley construction which incorporate curb and gutter 
cross-sectional elements designed to convey flow during high intensity storm events. As a result 
of the critical role of the roadway drainage infrastructure, dual drainage modeling offers a 
compelling solution for urban planners and drainage engineers seeking to better simulate local 
drainage conditions.  
There has been substantial work in the development of coupled SFMs and OFMs with 
combinations of both 1D and two-dimensional (2D) configurations of each component (Chang et 
al., 2015). The method was first advanced in the academic setting by Djordjevic et al. with the 
development of the BEMUS dual drainage model (Djordjević et al., 1999; Nanía et al., 2015).  In 
2004, the RisUrSim dual drainage model was developed by combining a 1D model for pipe flow 
routing with a 2D model of overland flow routing (Nanía et al., 2015; Schmitt et al., 2004). In 
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2005, Djordjevic et al. published the development of the SIPSON dual drainage model, a 1D SFM/ 
1D OFM model based on the Preissmann finite difference method and the conjugate gradient 
computational method (Djordjević et al., 2005). In recent years some of these dual drainage 
capable modeling software packages have been made available for commercial use such as 
SOBEK, XP-SWMM 2D, MIKE Urban, and InfoWorks 2D (Chang et al., 2015). 
The dual drainage model (DDM) presented in this research project was originally 
developed by Dr. Leonardo Nanía at the Universidad de Granada in Spain. It has been applied to 
analyze urban flooding at the Village of Dolton and the Lawrence Avenue Tunnel Sewer System, 
both of which are located in the Chicago area (Nanía et al., 2015; Torres Vazquez, 2016). The 
DDM is similar in construction to the SIPSON model in that it presents a coupling of a 1D street 
conveyance network with a 1D underground sewer conveyance network, while allowing for 
bidirectional interactions between the two networks (Nanía et al., 2015).  The DDM is made up of 
four integrated modules as shown in Figure 2.2: (i) hydrologic module, (ii) street conveyance 
module, (iii) inlet interception module, and (iv) sewer conveyance module (Nanía et al., 2015). 
 
 




Module 1: Hydrologic Model 
The hydrologic module of the DDM performs the initial rainfall-runoff transformations 
and the initial overland flow calculations. The subcatchments over which this operation is 
conducted are made up of user-defined blocks delineated by polygons defined by the surrounding 
streets. These blocks are then delineated into planes which correspond to an approximate drainage 
area allocated to each adjacent street, as shown in Figure 2.3 (Nanía, 2019).  
 
 
Figure 2.3 Schematic of the connection between sloping planes and street network (Nanía, 2019) 
 
The blocks are then characterized by relative proportions of pervious and impervious 
surfaces. This module also incorporates a simulation of the infiltration process over the pervious 
section of the block by utilizing the Green-Ampt Infiltration method, which was previously 
described (Green & Ampt, 1911; Nanía et al., 2015).   
Following the infiltration component, the DDM computes the overland flow runoff by 
considering each plane as two independent, equal length, sloping planes, one being pervious and 
the other being impervious (Nanía et al., 2015). The overland flow routing is computed using the 
kinematic wave approximation of the Saint Venant equations (Nanía et al., 2015). The kinematic 
wave approximation utilizes the assumption that the bottom slope and the friction slope are equal, 
















Module 2: Street Conveyance Routing 
Runoff from the hydrologic model is uniformly distributed as an input to the street network 
surrounding the subcatchment block. The cross-sectional geometry of the street network is a user 
defined input, which considers the geometric elements shown in Figure 2.4 (Nanía et al., 2015). 
 
 
Figure 2.4 DDM street cross-sectional geometry example (Nanía et al., 2015) 
 
The street conveyance routing module of the DDM then routes flow over the street network 
by computing the solution to the 1D Saint Venant equations derived for non-prismatic open 




















=  𝐹𝑤 +  (𝑆𝑜 − 𝑆𝑓)𝑔𝐴 (2.9) 
 
where “?̅?” represents the average pressure of the water column over the cross-sectional area, “ρ” 
represents the density of water, “So” represents the channel bed slope, “Sf” represents the energy 
slope, and “Fw” represents the momentum generated by longitudinal variation in the non-prismatic 
channel width (Nanía et al., 2015). The DDM is also capable of evaluating flow distributions at 
roadway intersections under both subcritical and supercritical flows, which is a relevant new 
contribution to the urban dual drainage modeling (Nanía et al., 2015). 
 
Module 3: Inlet Interception 
The inlet interception module estimates the intake of flow being routed through the street 
network into sewer inlets. Based on the Federal Highway Administration - Hydraulic Engineering 
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Circular No. 22 (FHWA HEC-22) manual guidance on storm drain inlets, the DDM divides inlets 
into four categories: (i) grate inlets, (ii) curb-opening inlets, (iii) slotted inlets, and (iv) combination 
inlets (FHWA, 2013; Nanía et al., 2015).  The positioning and characterization of the inlets are 
user-defined inputs, and the model assumes that every inlet is connected to the nearest manhole, 
which are delineated as a part of the street network mapping in Module 2. The ratio of flow from 
the street that is intercepted by the inlets and transmitted to the sewer system is based on the inlet 
efficiency guidance provided in the FHWA HEC-22 manual. As shown in Eq. 2.10, the inlet 
efficiency, “E”, is determined by the ratio of intercepted flow, “Qi”, and the total gutter flow, “Q”. 
 
𝐸 =  𝑄𝑖/𝑄 (2.10) 
 
 
Figure 2.5 Comparison of inlet interception capacity (FHWA, 2013) 
 
The inlet efficiency is a function of the inlet type, and the longitudinal slope of the roadway. 
Empirical data on inlet efficiency variation by inlet type can be seen in Figure 2.5 (FHWA, 2013).  
 
Module 4: Sewer Conveyance Routing 
Module 4 is the SFM that receives inputs from the inlet interception model.  EPA-SWMM5 
is the SFM engine which is coupled with the OFM components of the DDM with an interface that 
manages the bidirectional flow between the two frameworks. Flow from a street is only allowed 
to enter an inlet if the hydraulic grade line (HGL) at the associated sewer node is lower than the 
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ground elevation. If the HGL at a sewer node is above the ground elevation at the associated inlet, 
then that node is considered to be flooded. If a given node is flooded, the flooded volume computed 
by the SWMM engine is distributed evenly amongst the inlets connected to the node, and the flow 
is reincorporated back into the street network (Nanía et al., 2015).  
The hydraulic principles associated with the sewer flow routing within the SWMM engine 
are the same as described in the SWMM model overview (Rossman, 2015).  However, due to the 
bidirectional component of the DDM, the SWMM engine must utilize dynamic wave flow routing 
within the transport component of the model.  
 
LID Controls 
The version of the DDM that will be analyzed through this research project is the DDM 
v3.3. This new version of the model was developed in April of 2021, and allows for configurations 
of any size of network, where the maximum number of nodes, streets, blocks, and sewer nodes can 
be defined by the user (Nanía, 2019). The primary improvement made to this newest version, is 
the capability of modeling various types of LID elements. 
The DDM can simulate 5 types of LID elements: (i) rain barrels, (ii) green rooftops, (iii) 
permeable pavers, (iv) infiltration systems, and (v) storage systems. Depending on the coordinates 
of the gravity center, each LID element is assigned to the nearest subcatchment plane and will 
receive runoff from a user-defined zone of contributing impervious area until the storage capacity 
of that element is reached. Such recently added modeling capabilities, make the DDM a suitable 
tool for the analysis of the impact that LID infrastructure could have on excess water management 
and flooding mitigation in urbanized areas such as Chatham, Illinois. 
 










CHAPTER 3: METHODOLOGY 
 
3.1 Catchment Characterization 
The combined sewer network in Chatham serves upwards of 30,000 people spread over an 
area of approximately 3 square miles. It is made up of approximately 2918 conduits, 2790 manhole 
junctions, and 3355 inlets. The sewer network can be characterized by 5 primary subsewersheds 
as shown in Figure 3.1. The boundaries of these subsewersheds were delineated based on the pipe 
sizing and the relative bed slopes of major sewer lines throughout the catchment.  
 
Figure 3.1 Primary subsewershed delineation of catchment 
 
However, this delineation does not consider possible flow reversal or other potential 
backwater impacts. Given that Chatham sits at the boundary of two distinct WRP sewersheds, as 
shown in Figure 3.2, the subsewershed boundaries outlined in Figure 3.1 are highly subject to 
change during periods of large storm events. Identifying the pathways of stormwater under varying 
conditions is important for determining the optimal positioning of infrastructure improvements. 
Therefore, it is critical to identify what storm conditions (intensity, duration, and frequency) have 
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the potential to lead to changes in flow direction and the subsequent alteration of the drainage 
patterns and subsewershed boundaries within the catchment.   
 
Figure 3.2 WRP estimated sewershed boundaries for Chatham 
 
The hydrologic catchment characteristics that are of primary importance for the model 
construction of both SWMM and DDM include: (i) surface elevation, (ii) soil properties, and (iii) 
land use type. The distribution of the surface elevation throughout Chatham is shown in Figure 
1.3, which was collected utilizing data from the U.S. Geological Survey (USGS) 1-meter 
resolution LiDAR point cloud.  
The soil properties data for the catchment area was collected from the U.S. Department of 
Agriculture (USDA) – Natural Resources Conservation Service (NRCS) Soil Resources Database 
for Cook County, IL (USDA & NRCS, 2020). However, due to gaps in the data, additional soil 
classification data was utilized from the Illinois Geospatial Data Clearinghouse (Illinois 
Geospatial Data Clearinghouse, 1987). This merged dataset was utilized to provide subcatchment 
characterization data to fulfill the Green-Ampt Infiltration method requirements of each model. 







geospatial soils data sources that were referenced also provided the necessary datasets for the 
subcatchment characterization of saturated hydraulic conductivity, bulk density, slope, and 
porosity.  
 
Figure 3.3 Soil classification for Chatham 
 
A high-resolution land cover dataset acquired from the Chicago Metropolitan Agency for 
Planning, provided the necessary data to delineate the percentages of pervious and impervious land 
cover for each subcatchment (CMAP, 2016). Figure 3.4 shows the distribution of land cover types 
for the catchment. The impervious areas were calculated as the buildings, roads/railroads, other 
paved surfaces, and 25% of the tree canopy classifications. The pervious areas were calculated as 
the grass/shrub, bare soil, water, and 75% of the tree canopy classifications.  
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Utilizing various geoprocessing tools within ESRI ArcGIS, the soil classification and land 
cover datasets were analyzed and converted into discrete values for each subcatchment delineation 
for both the SWMM and the DDM model construction.  
 
Figure 3.4 High-resolution land cover distribution for Chatham 
 
3.2 Chatham SWMM Construction 
The Thiessen polygon method was utilized to delineate the subcatchments for the OFM of 
the SWMM model. First developed by Alfred Thiessen in 1911, the Thiessen polygon method was 
utilized as a means to aggregate rain gage data over approximate land surface areas (Thiessen, 
1911).  This method can be used to determine the extent of a drainage area, for each receiving 
junction, based on the relative geometric spatial distribution of each junction within the network 
(Ji & Qiuwen, 2014). The Thiessen polygon approach to subcatchment delineation is a widely 
adopted approach for modeling urban catchments in SWMM (Ji & Qiuwen, 2014; Lyu et al., 
2018). However, given that this approach is based purely on geometric considerations, the effect 
of topography is not considered in the delineation of the subcatchments. Given the uniform 
topographical character of the area of study, any distortions in the drainage area distribution 
resulting from this assumption are likely to be limited.  
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Figure 3.5 shows the distribution of the 2727 Thiessen polygon generated subcatchments 
utilized in the SWMM model construction. Each polygon subcatchment is set to outflow to a 
specific junction, however only junctions that are connected to active inlets were included in this 
operation. Utilizing ESRI ArcGIS geoprocessing tools, the Thiessen polygons were generated, and 
each subcatchment was then allocated the required infiltration and overland flow properties from 
the LiDAR, soil properties, and land use datasets previously outlined in Figure 1.3, Figure 3.3, 
and Figure 3.4, respectively. 
 
Figure 3.5 Thiessen polygon subcatchment delineation for SWMM 
 
The SFM was constructed utilizing sewer atlas data provided by MWRD. Figure 3.6 shows 
an example sewer profile plot of the geometric inputs required by SWMM (Rossman, 2015). The 
MWRD data provided sewer specifications such as invert elevation, conduit length, and pipe 
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diameter. The maximum pipe elevation was determined by cross-referencing the junction invert 
elevation values with the surface elevation LiDAR dataset provided in Figure 1.3. The SFM 
network for the SWMM model is made up of 2790 sewer nodes, connected by 2918 conduits. An 
outline of the SWMM SFM conduit network can be seen in Figure 3.1.  
 
 
Figure 3.6 Example SWMM sewer profile view (Rossman, 2015) 
 
3.3 Chatham DDM Construction 
The OFM of the DDM is geospatially delineated by blocks and streets that are defined by 
nodes. Figure 3.7 shows the network of 310 blocks, 692 street segments, and 481 surface nodes 
that make up the OFM network for the DDM that facilitate the inputs for Module 1 and Module 2 
of the data processing. 
The blocks are characterized with the infiltration data required to satisfy the Green-Ampt 
Infiltration model, as discussed in Section 2.1 (Green & Ampt, 1911). The soils dataset outlined in 
Figure 3.3 and the land use dataset outlined in Figure 3.4 were geoprocessed utilizing tools from 
ESRI ArcGIS to allocate features in terms of the block polygon boundaries. Each block is also 
characterized by a series of adjacent nodes that are typically assigned to street intersections. These 
surface nodes are characterized by both the type of intersection the node is assigned to, along with 
a surface elevation value extrapolated from the LiDAR dataset shown in Figure 1.3. The street 
network was determined by overlaying a street center line shapefile, obtained from the City of 
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Chicago Data Portal, with the surface node network. The streets were segmented so that a surface 
node could be assigned to the beginning and end of each street segment. The slope of each segment 
is calculated by the DDM through the user-defined elevation of the surface nodes at the beginning 
and end of each street. The cross-sectional elements of each street, as outlined in Figure 2.4, were 
determined utilizing design values from the Illinois Department of Transportation (IDOT) Bureau 
of Local Roads and Streets Manual (IDOT, 2018).  The locations of the 3355 sewer inlets were 
collected from county-wide data obtained by MWRD. Figure 3.8 shows the distribution of the 
sewer inlets with respect to the street network. Each inlet within the network were characterized 
as grate inlets with an assumed length of 0.60 m and a width of 0.30 m.   
 




The SFM for the DDM was built in the same manner as the SFM in SWMM which was 
discussed earlier in the chapter. A SWMM input file was constructed with only the SFM data 
included, which was utilized as the primary SFM engine for the DDM.  
 
Figure 3.8 DDM sewer inlet locations for Chatham 
 
3.4 Chatham LID Infrastructure Scenarios 
As discussed in Section 1.3, there are 2 primary LID projects that are being implemented 
in Chatham. The Cottage Grove Avenue (CGA) Project and the CNT LID Initiative are going to 
be analyzed and compared in terms of their simulated flood management capabilities as interpreted 





Cottage Grove Avenue Project 
As outlined in Section 1.3 the CGA Project is an LID infrastructure project initiated in 
2016 as a cooperative project between Chicago DWM and CDOT to install permeable pavers and 
infiltrating tree pits along one of the major roadways in Chatham. This project was meant to 
provide additional stormwater storage capacity and improve stormwater quality through storage, 
infiltration, filtration, and evaporation. The initial phase of the project spanned six city blocks and 
construction was completed in 2017. An expansion of the project is under review and will extend 
the LID practices along the same roadway an additional four blocks south. The positioning of each 
unit of LID infrastructure for the CGA Project in both its current phase and the planned expansion 
phase can be seen in Figure 3.9.  
 
Figure 3.9 CGA Project LID element distribution  
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From a modeling perspective, the permeable paver elements of the CGA Project were 
modeled as such for both the SWMM and DDM inputs. However, the infiltrating tree pit design 
elements were characterized as rain gardens and infiltration systems for the SWMM and DDM 
inputs, respectively. Table 3.1 and Table 3.2 outline the LID element parameter inputs utilized to 
model the CGA Project in SWMM and the DDM, respectively. Characterization parameters 
describing each LID element were intended to be as similar as possible despite slight differences 
in parameter variables.  
 
Table 3.1 CGA Project SWMM LID Element Parameter Inputs 
SWMM - Infiltrating Tree Pits SWMM - Permeable Pavers 
Parameter Value Parameter Value 
Area [m²] 4 Area [m²] variable 
Width [m] 1.5 Width [m] 1.5 
Berm Height [mm] 150 Manning's n 0.013 
Manning's n 0.15 Storage Thickness [mm] 200 
Soil Thickness [mm] 300 Pavement Thickness [mm] 125 
Soil Porosity 0.55 Pavement Void Ratio [voids/solids] 0.75 
Soil Conductivity [mm/hr] 12.7 Pavement Permeability [mm/hr] 1270 
Suction Head [mm] 12.7 Ratio of Impervious Inflow [%] 0 
Ratio of Impervious Inflow [%] 2.5 Outflow to Pervious Area [Y/N] N 
Outflow to Pervious Area [Y/N] N     
 
Table 3.2 CGA Project DDM LID Element Parameter Inputs 
DDM - Infiltrating Tree Pits DDM - Permeable Pavers 
Parameter Value Parameter Value 
Area of Imp. Inflow [m²] 50 Area [m²] variable 
Area [m²] 4 Base Thickness [mm] 125 
Depression Storage [mm] 150 Base Porosity 0.43 
Granular Bed Thickness [mm] 300 Subbase Thickness [mm] 200 
Porosity 0.55 Subbase Porosity 0.43 
 
CNT LID Initiative 
As outlined in Section 3.1, the CNT LID Initiative is a proposed LID residential 
infrastructure project intended to install dry well and rain garden systems in approximately 20 
homes throughout a prescribed project area in Chatham. Implementing the CNT LID Initiative 
over such a small number of properties will likely have a very small impact on flood management. 
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Therefore, the design of the model simulations is intended to investigate what percentage of homes 
within the project area would have to have systems installed in order to impact localized flooding. 
Figure 3.10 shows the distribution of LID elements for distribution scenarios 
encompassing 25%, 50%, 75%, and 100% of the single-family home properties within the 
prescribed CNT project area.  
 
 




The distribution of LID elements shown in Figure 3.10 was determined by isolating the locations 
of every single-family home within the CNT project area using data obtained from the City of 
Chicago Data Portal. These locations were then passed through a randomized number generator to 
obtain the desired distribution ratios without replacement.  
From a modeling perspective, the dry well elements of the CNT LID Initiative were 
modeled as rain barrels for both the SWMM and DDM inputs, while the rain garden elements were 
modeled as such for both model types. Table 3.3 and Table 3.4 outline the LID element parameter 
inputs utilized to model the CNT LID Initiative in SWMM and the DDM, respectively. 
Characterization parameters describing each LID element were intended to be as similar as 
possible despite slight differences in parameter variables. 
 
Table 3.3 CNT LID Initiative SWMM LID Element Parameter Inputs 
SWMM - Dry Wells SWMM - Rain Gardens 
Parameter Value Parameter Value 
Storage Height [mm] 1524 Area [m²] 4.5 
Area [m²] 2.3 Berm Height [mm] 300 
Ratio of Impervious Inflow [%] 5 Manning's n 0.2 
Outflow to Pervious Area [Y/N] Y Soil Thickness [mm] 150 
    Soil Porosity 0.55 
    Soil Conductivity [mm/hr] 0.5 
    Suction Head [mm] 80 
    Ratio of Impervious Inflow [%] 1.5 
    Outflow to Pervious Area [Y/N] Y 
 
Table 3.4 CNT LID Initiative DDM LID Element Parameter Inputs 
DDM - Dry Wells DDM - Rain Gardens 
Parameter Value Parameter Value 
Area of Imp. Inflow [m²] 100 Area of Imp. Inflow [m²] 25 
Capacity [L] 3540 Area [m²] 4.5 
    Depression Storage [mm] 300 
    Granular Bed Thickness [mm] 150 
    Porosity 0.55 
 
3.5 Rainfall Distributions 
The rainfall hyetographs utilized for this project were built utilizing the Huff distribution 
method, originally developed by the Illinois State Water Survey in 1990 (Huff, 1990). The Huff 
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distribution of rainfall was developed based on a statistical analysis of precipitation data specific 
to the region of northern Illinois. Therefore, the time-distribution relationship will serve as an 
effective proxy for a design storm analysis of an area in Chicago, IL. Given that the Huff 
distribution was developed in terms of a statistical analysis of empirically collected data, the 
development of time distributions was done in terms of quartile-type storms. Each quartile-type 
describes the time distribution of a design storm whose peak rainfall occurs at a given quartile 
along the storm’s duration. The various quartile Huff distributions are outlined in Table 3.5.  
 
Table 3.5 ISWS Circular 173 Huff Distribution – Median Time Distributions of Rainfall in 
Illinois at a Point (Huff, 1990) 
 
Cumulative 
Percentage of Storm 
Duration [%] 
Cumulative Percent of Storm Rainfall for a Given Storm Type 
1st Quartile 2nd Quartile 3rd Quartile 4th Quartile 
0.05 0.16 0.03 0.03 0.02 
0.1 0.33 0.08 0.06 0.05 
0.15 0.43 0.12 0.09 0.08 
0.2 0.52 0.16 0.12 0.1 
0.25 0.6 0.22 0.15 0.13 
0.3 0.66 0.29 0.19 0.16 
0.35 0.71 0.39 0.23 0.19 
0.4 0.75 0.51 0.27 0.22 
0.45 0.79 0.62 0.32 0.25 
0.5 0.82 0.7 0.38 0.28 
0.55 0.84 0.76 0.45 0.32 
0.6 0.86 0.81 0.57 0.35 
0.65 0.88 0.85 0.7 0.39 
0.7 0.9 0.88 0.79 0.45 
0.75 0.92 0.91 0.85 0.51 
0.8 0.94 0.93 0.89 0.59 
0.85 0.96 0.95 0.92 0.72 
0.9 0.97 0.97 0.95 0.84 
0.95 0.98 0.98 0.97 0.92 
 
For this project, the Huff distribution design storms were developed for 1st Quartile (Q1) 
and 3rd Quartile (Q3) time distributions in order to provide a range of potential storm types for 
analysis. The localized precipitation data that was utilized to construct the design storm 
hyetographs for the Chatham area was collected from the National Oceanic & Atmospheric 
Administration (NOAA) Precipitation Frequency Data Server (PFDS). The distribution curves 
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collected from NOAA PFDS for varying storm annual recurrence intervals (ARI) for Chatham are 
shown in Figure 3.11.  
 
Figure 3.11 NOAA Depth Duration Frequency Curves for Chatham 
 
Given that this project is intended to investigate the effects of LID infrastructure at 
reducing flood volume, the design storms that were simulated were restricted to 1-year, 2-year, 
and 5-year ARI events. Figure 3.12 outlines the design storm hyetographs utilized in the model 
simulations.  A range of storm durations between 15 minutes and 180 minutes were analyzed. The 













Figure 3.12 Huff Hyetograph Distributions 
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CHAPTER 4: RESULTS 
 
The output results from the SWMM and the DDM model outputs was analyzed in two 
phases. The first phase focused on the base level simulations conducted for each modeling 
approach without considering the assessment of the LID infrastructure scenarios. This phase 
analyzed the results from each model in terms of how the system responded to the entire range of 
design storms outlined in Figure 3.12.  The second phase analyzed each model’s assessment of 
the LID infrastructure scenarios under the critical design storm conditions determined in the first 
phase of analysis. 
 
4.1 Base Model Comparison 
For the first phase of analysis, the goal was to determine what design storm events would 
allow for the most accurate assessment of flood risk within the Chatham stormwater system for 
the 1-year, 2-year, and 5-year ARIs. These event durations are the design storm events that result 
in the highest peak discharge and are commonly referred to as critical durations. The Federal 
Emergency Management Administration describes a critical storm event as a design storm which 
provides the highest flood discharges or water surface elevations for the flooding source (Lau & 
Gali, 2012). 
In order to characterize the hydraulic conveyance properties of the catchment, the time of 
concentration must be evaluated. The time of concentration is the time between the initial rainfall 
entering the system and when the conveyance of water from the most hydraulically distant point 
on the watershed reaches the system outlet. The time of concentration can be characterized by the 
critical storm duration which can be evaluated by a critical duration analysis (CDA). A CDA 
involves simulating a hydraulic & hydrologic model over a range of design storm durations for a 
given ARI, calculating the peak discharge value for each event, and identifying which event 
duration results in the highest peak discharge. A CDA was conducted for both SWMM and DDM 
model outputs for 1-year, 2-year, and 5-year ARIs over the range of durations outlined in Figure 
3.12. The results of this comparative CDA are shown in Figure 4.1, in which indicator lines are 
shown to highlight the critical duration point for both the Q1 and Q3 events. When the critical 




Figure 4.1 Comparative critical duration analysis 
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As discussed in Section 3.1 and outlined in Figure 3.2, Chatham sits at the boundary of 
the Stickney WRP sewershed to the north and the Calumet WRP to the south. In order to 
investigate the impact of Chatham’s conveyance system’s unique positioning, the CDA for each 
model and ARI was assessed for (i) the combined peak discharges from all five subsewersheds, 
(ii) peak discharges from the subsewersheds conveying water to the Stickney WRP, and (iii) peak 
discharges from the subsewersheds conveying water to the Calumet WRP. 
A summary of the results of the comparative CDA for both models across all three ARIs 
assessed for the total outflow condition is given in Table 4.1.  
 
Table 4.1 Critical duration analysis results 
Model Quartile ARI Critical Duration [min] 
SWMM Q1 1-year 60 
DDM Q1 1-year 60 
SWMM Q3 1-year 60 
DDM Q3 1-year 60 
SWMM Q1 2-year 60 
DDM Q1 2-year 60 
SWMM Q3 2-year 120 
DDM Q3 2-year 70 
SWMM Q1 5-year 60 
DDM Q1 5-year 70 
SWMM Q3 5-year 80 
DDM Q3 5-year 70 
 
The outflow hydrographs for each of the critical durations outlined in Table 4.1, are shown in 
Figure 4.2. Similar to the CDA, the outflow hydrographs for the critical duration events are given 




Figure 4.2 Critical duration hydrograph comparison 
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In order to establish a base condition to characterize the flood susceptibility of the system, 
a model comparative analysis was conducted to determine the ratio of sewer junctions that 
experience flooding over the course of a storm. This analysis is shown in Figure 4.3 and was 
performed for each design storm duration outlined in Figure 3.12, for the 1-year, 2-year, and 5-
year ARIs, and across each modeling interface.    
 
 
Figure 4.3 Flooded node fraction comparison 
 
4.2 LID Infrastructure Assessment Model Comparison 
For the second phase of analysis, the goal was to determine the differences in how each 
model assesses the different LID scenarios across the CNT LID Initiative and the CGA Project. 
As discussed in Section 1.3 and Section 3.4 the LID based simulations were designed to represent 
four scenarios for the CNT LID Initiative and two scenarios for the CGA Project. These scenarios 
were simulated for the critical duration design storm events outlined in Table 4.1. 
The first form of analysis within this phase was to determine the differences in how each 
model framework measured the relative magnitude of storage capacity of each LID infrastructure 
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scenario. While the SWMM model provides a direct measurement of total storage volume for each 
LID element, the DDM calculates the total change in net runoff volume exiting the subcatchment 
planes. Figure 4.4 shows a comparison of these two volume measurements for each model 
framework as a means to express the differences in simulated LID infrastructure storage capacity. 
The comparison is expressed as a net volume for the SWMM model, and a negative change in the 
net volume in terms of the base condition for the DDM model. Figure 4.4 exhibits the model-
specific calculated storage properties for each of the critical duration design storm events.  
   
 
Figure 4.4 LID infrastructure storage comparison 
 
The next step in the analysis was to determine how the simulated outflow hydrographs 
from the system under base conditions were being affected by the implementation of the different 
LID scenarios.  Given the small scale of the various LID infrastructure projects being considered, 
compared to the large area served by the simulated conveyance system, the anticipated change in 
the hydrograph would be small. Therefore, to highlight the comparative impact of these LID 
scenarios on the system outflow, the analysis was intended to calculate the magnitude of change 
in discharge from the system with respect to the base condition. 
Given that the CNT LID Initiative project area is geographically located within the 
subsewersheds that convey flow south toward the Calumet WRP, the outflow analysis for that 
project was only assessed across the outlets that were intended to convey flow to the Calumet 
WRP. Similarly, since the CGA Project area is geographically located within the sub-sewersheds 
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that convey flow north to the Racine Avenue Pumping Station (RAPS) and from there to the 
Stickney WRP, the outflow analysis for that project was only assessed for those respective 
outflows.  
Figure 4.5 represents the negative change in outflow directed to the Calumet WRP for 
each of the LID infrastructure scenarios outlined for the CNT LID Initiative under each critical 
design storm condition. Similarly Figure 4.6 shows the negative change in outflow directed to the 








Figure 4.6 Change in outflow to the Stickney WRP due to CGA Project scenarios 
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In order to investigate the changes in simulated sewer flooding as a function of the various 
LID infrastructure scenarios, the change in the total volume of flow due to sewer flooding with 
respect to the base conditons was calculated for each LID infrastructure scenario. Figure 4.7  
shows the model comparison of the net reduction in sewer flood volume, expressed as a negative 
change in the volume summation, resulting from each LID infrastructure scenario simulation. The 
analysis shown in Figure 4.7 is expressed for each critical duration design storm event.   
  
 
Figure 4.7 LID infrastructure reduction in sewer flooding comparison 
 
Given that basement flooding within the Chatham area is a significant source of residential 
storm related damages, part of the analysis was intended to investigate certain factors that could 
provide a localized diagnostic indicator of conditions that could lead to residential basement 
flooding. In Figure 3.9 and Figure 3.10 the locations of indicator sewer junctions represented by 
Node 428 and Node 573 are highlighted. These indicator junctions were chosen because of their 
relative positions to the LID infrastructure projects. Based on the relative changes in the net HGL 
measured at these indicator junctions with respect to the base condition, conclusions can be drawn 
about the surrounding systems pipe pressures that have the potential to indicate the occurance of 
residential sanitary sewer backups.  
Figrue 4.8 shows the model comparison of the net reduction in total HGL depths at the 
critical junctions, with respect to the base condition, for each of the LID infrastructure projects, 
expressed as a negative change in the summation of depths. Similar to Figure 4.7 and Figure 4.5, 
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this analysis is expressed for each critical duration design storm event. Given the time dependant 
fluctuations in HGL depths at any given sewer junction throughout the system, an aggregate form 
of analysis was chosen to summarize the infrastructure impacts without “turbulent” interference 
associated with strong fluctuations in water surface elevation.   
      
 











CHAPTER 5: DISCUSSION 
 
This study investigated the differences between a SWMM and a DDM in simulating 
stormwater conveyance over an urban neighborhood scale. The model comparisons were evaluated 
through an analysis of the base system conditions, as well as an analysis of LID element 
performance and the resulting relative impact on area flooding. 
  
5.1 Base Conveyance System Assessment 
Given the systemic problems with local water ponding and flooding in Chatham, a primary 
focus of this study was to investigate how the SWMM and the DDM models differ in how they 
evaluate the performance of the existing base stormwater conveyance system. As discussed in 
Section 4.1, this level of analysis was done through a model comparative evaluation of a CDA, 
the hydrographs of the critical duration events, and a flooded node fraction assessment. 
 
Peak Flow Rate Analysis 
As outlined in Figure 4.1, a CDA was performed for both the SWMM and DDM models 
with data points collected based on the peak discharge recorded for three ARIs over nine storm 
event durations. The peak discharge data points were recorded for the combined total outflow from 
the system, the component of the system outflow discharged to the Stickney WRP, and the 
component of the system outflow discharged to the Calumet WRP.  
Through an evaluation of the results shown in Figure 4.1, it is evident that the peak flow 
rates resulting from the DDM simulations are significantly higher than in the SWMM simulations. 
This pattern of higher peak flows within the DDM is consistent across all the ARIs and the 
associated durations that were evaluated.  
The higher flow rates simulated by the DDM are likely the result of the additional 
conveyance structures that are considered within the dual drainage modeling methodology in the 
form of the simulation of overland flow being conveyed through engineered roadways. Since the 
DDM considers the engineered cross-sectional design of streets and simulates the open-channel 
conveyance of overland flow prior to inlet interception in the sewer conveyance system, the 
accumulated flows will have a higher intensity even though the overall volume of water entering 
the system is the same. 
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The higher peak flows simulated in the DDM are also associated with the peak flows 
occurring earlier relative to the event duration.  Figure 4.2 shows the outflow hydrographs for the 
critical duration storm events determined by the CDA in Figure 4.1 and outlined in Table 4.1. In 
this figure, it is evident that the hydrograph peaks occur earlier in each case for the DDM 
simulations, than they do in the SWMM simulations. Due to the additional conveyance structures 
simulated by the DDM, the results indicate more intense and flashier flood conditions than the 
SWMM model suggests.  
 
Flow Directionality Analysis 
As discussed in Section 3.1 and shown in Figure 3.2, Chatham sits at the boundary of two 
distinct sewersheds. This positioning has the potential to result in distinct changes in flow 
directionality, and WRP flow allocations depending on a given storm intensity. Given the 
differences in flow rates between the SWMM and the DDM simulations, the results outlined in the 
outflow hydrographs shown in Figure 4.2 provide a range of flow rates with which to evaluate 
differences in flow directionality.  
In Figure 4.2, for the 1-year and 2-year ARI SWMM simulations, the flow allocations to 
the Calumet WRP exceed the flow allocations to the Stickney WRP. These two events simulated 
within the SWMM framework represent the lowest overall flow rates of all the critical duration 
events simulated regardless of model type. For every event simulated with higher discharge rates 
for both the SWMM and the DDM, the flow directionality was reversed and the allocations to the 
Stickney WRP were greater than those to the Calumet WRP.  
The data shown in Figure 4.2 suggests that for very low intensity storm events, the majority 
of flow conveyed from Chatham will be allocated to the south toward the Calumet WRP. However, 
under higher intensity events a series of backwater effects likely are the cause of the flow reversal 
that is observed, which causes the majority of the system outflow to be conveyed north toward the 
Stickney WRP.  
 
Street Flooding Distribution  
Figure 4.3 shows the fraction of sewer junctions within Chatham that experience flooding 
for each storm event simulated across each model platform. This analysis provides an indicator for 
the extent of street flooding that is simulated for each model. The results from this figure indicate 
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that for almost every ARI simulated, the DDM simulations exhibit higher flooded node fraction 
values than the SWMM simulations. This result was anticipated due to the higher flow values 
observed for the DDM simulations in Figure 4.1 and Figure 4.2.  However, the results from 
Figure 4.3 also indicate that as the storm intensity, in the form of the ARI, increases, the difference 
between the flooded node fraction values of the SWMM and the DDM become increasingly small. 
For the 5-year ARI events, the flooded node fraction values for the SWMM and the DDM are 
almost overlapping for the 1st quartile events, and for the 3rd quartile events the SWMM values 
become greater than those of the DDM.  
Given the flow disparities between the SWMM and the DDM simulations, this trend 
indicates that there is a fraction of vulnerable sewer junctions that are particularly susceptible to 
flooding. The data in Figure 4.3 suggests that regardless of the model utilized, and the resulting 
flow disparities, the flooded node fraction approaches a temporary asymptote at a storm intensity 
of around a 5-year ARI.  While higher storm intensities were not investigated for this study, it is 
likely that under 10-year to 100-year ARI events, this asymptote will be eclipsed, due to resulting 
overwhelming flows in the system.  
 
5.2 LID Infrastructure Performance Assessment 
As discussed in Section 1.3 and Section 3.4, there are two neighborhood scale LID 
infrastructure projects that are in various stages of implementation with the intention of addressing 
local flooding issues within Chatham. The CGA Project and the CNT LID Initiative are the two 
green infrastructure-based projects being executed in the area by municipal agencies and 
community stakeholder organizations, respectively. Another primary focus of this study was to 
analyze how the SWMM and the DDM differ in their simulation of the impacts of these two 
community LID infrastructure projects. As discussed in Section 4.2, this analysis was 
accomplished through a model comparative evaluation of four flood management parameters: (i) 
LID infrastructure storage volume, (ii) time series of the reduction of outflow conveyance to the 
localized WRP for each LID scenario, (iii) reduction in total sewer flood volume due to each LID 






LID Infrastructure Storage 
As discussed in Section 1.3, the primary mechanisms utilized by LID infrastructure for 
reducing the potential for flooding is the additional storage capacity and the improved infiltration 
capability. Both of these capabilities result in reduced overland flow runoff, and therefore reduce 
the overall volume of water that enters the engineered stormwater management system. Figure 4.4 
evaluates and compares the storage capacity and runoff reduction of the SWMM and the DDM, 
respectively, for each of the LID infrastructure scenarios being considered.   
For the CNT LID Initiative, four LID infrastructure distribution scenarios were assessed, 
each with increasingly higher LID element concentrations. For the CGA Project, two LID 
infrastructure scenarios were assessed, the second representing almost twice as many LID elements 
as the first. The results in Figure 4.4 indicate that each model reflects the anticipated pattern of 
increasing storage and reduced overland flow runoff associated with increasingly aggressive LID 
infrastructure scenarios.  
However, there is a significant discrepancy between the two models in terms of the 
magnitude of storage assessed for each LID infrastructure scenario. The DDM simulations show 
overall volume reductions that are an order of magnitude greater than the SWMM simulated 
values. This discrepancy is likely due in part to the manner with which the LID element storage is 
calculated. As discussed in Section 4.2, the SWMM model is able to assess the total storage 
volume accumulated for each LID infrastructure element over the entire duration of an event. 
However, the DDM is able to assess LID infrastructure storage by calculating the reduction in total 
volume exiting subcatchment planes when compared to the base scenario with no LID elements 
present in the system.  
Another potential source of the discrepancy in storage values is due to the differences in 
how the two models assess infiltration. While the total LID storage volume calculation shown in 
the SWMM component of Figure 4.4 includes additional volume losses due to infiltration, the 
LID element parameters associated with infiltration differ greatly between the SWMM and the 
DDM. As outlined in Table 3.1, Table 3.2, Table 3.3, and Table 3.4 the number of parameters 
associated with the infiltration mechanism characterization for each LID element are much greater 
for the SWMM than for the DDM. While considerable effort was made to ensure that the LID 




Time Series of Localized Outflow Hydrographs 
The traditional assessment of the performance of LID infrastructure initiatives is based on 
a given project’s ability to reduce the peak of an outflow hydrograph for the associated drainage 
system. As discussed in Section 4.2, given the small scale of the LID infrastructure projects being 
considered, this method of analysis was conducted by assessing the time series of discharge 
reductions conveyed to the associated WRP for each LID infrastructure project being considered. 
Figure 4.5 shows the time series of discharge reductions for the outflows conveyed to the Calumet 
WRP, which is associated with the CNT LID Initiative. While Figure 4.6 shows the time series of 
discharge reductions for the outflows conveyed to the Stickney WRP, which is associated with the 
CGA Project. These assessments were made based on each project areas relative positions with 
respect to the underlying subsewershed positions as outlined in Figure 3.2. 
In both Figure 4.5 and Figure 4.6, the DDM simulations result in consistently higher 
values of discharge reduction by an order of magnitude compared with the SWMM simulations. 
This result is likely due to the higher values of conveyance simulated by the DDM compared with 
the SWMM as previously discussed in Section 5.1.  
Despite the significant turbulent fluctuations observed in the results shown in Figure 4.5 
and Figure 4.6, compelling patterns do emerge. For example, in the case of Figure 4.5 under the 
1-year ARI event, a clear pattern of similarity can be observed between the SWMM and the DDM. 
Both sets of model simulations exhibit almost the same general pattern of flow reduction with 
respect to time, along with comparable increases in discharge reduction associated with increases 
in LID scenario intensity. The primary discrepancies between the two model simulations in Figure 
4.5 for the 1-year ARI event, are that the DDM simulations exhibit discharge reduction values that 
are two orders of magnitude greater than the SWMM values. Also, the DDM simulations 
experience peak discharge reduction values significantly earlier than the SWMM simulations. 
Both of these discrepancies can be explained due to the relative flashier outflow results exhibited 
through the DDM simulations as previously discussed in Section 5.1. 
The comparable discrepancies of higher discharge reduction peaks and earlier peak value 
occurrences are consistent across the various ARI model comparisons in both Figure 4.5 and 
Figure 4.6. However various storm events exhibit unique trends. Certain LID scenarios, when 
simulated in line with specific critical duration storm events, are observed to exhibit increases in 
discharge for various time intervals over the course of the associated event. This phenomenon is 
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likely due to a combination of factors including variations in precipitation distribution between 1st 
quartile and 3rd quartile Huff hyetograph distributions, and changes in relative flow directionality. 
The majority of the instances of increasing discharges appear to occur in the 3rd quartile 
hyetograph distributions for the 2-year and 5-year ARI events for the SWMM model. The 2-year 
and 5-year ARI events within the SWMM model coincide with the simulated flow rates that are 
observed to result in a reversal in flow direction as observed in Figure 4.2. Therefore, it is likely 
that the increases in discharge to a particular outflow direction observed during these simulations 
are a result of fluctuations occurring around this point of reversal, which is being further influenced 
by the implementation of the various LID scenarios.  
The particular influence of the 3rd quartile hyetograph distributions, evidently observed in 
the SWMM 5-year ARI graph in Figure 4.5, is likely due to the majority of precipitation occurring 
towards the end of the storm event. This delayed input of rainfall into the system during a high 
intensity event, allows for the LID elements to become filled to capacity early in the storm duration 
which would result in no observable benefit in terms of reducing discharge rates when the bulk of 
the rainfall enters the system. The additional infiltration properties provided by the LID elements 
could be accelerating the soil saturation process so that the pervious elements of the system are 
less able to reduce runoff for that particular time interval.  
 
Sewer Flooding 
For both the SWMM and the DDM platforms, sewer flooding occurs when the HGL at a 
particular sewer node exceeds the surface elevation at that point, and flow spills out onto the 
connected street. Figure 4.7 shows the model comparison of the net reduction in sewer flooding 
volume as a result of the various LID scenarios considered with respect to the base condition where 
no LID elements are simulated for each of the critical duration events. For each LID scenario of 
increasing LID element concentration, the anticipated result of improved reduction in sewer 
flooding volume is observed.  
However, the DDM predicts a reduction in sewer flooding volume that is two orders of 
magnitude greater than the SWMM simulation values. This discrepancy between the two models 
can be explained by the increased flow values simulated by the DDM as well as the additional 
storage capacity attributed to the LID elements in the DDM as discussed earlier. Given that sewer 
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node flooding is simulated to be more widespread within the DDM as shown in Figure 4.3, small 
changes in storage capacity will result in higher reduction in values in sewer flood volume.  
Figure 4.7 also suggests a unique discrepancy with how each model treats the 1st quartile 
compared with the 3rd quartile Huff hyetograph distributions. While the SWMM simulations show 
improved flood reduction performance for the 3rd quartile storm events, the DDM simulations 
show improved flood reduction performance for the 1st quartile events. This discrepancy suggests 
that the higher flow rates simulated by the DDM result in reduced flood reduction performance of 
the LID elements for storm events with peak rainfall occurring in the latter half of the event 
duration.     
Additionally, Figure 4.7 indicates that for both the SWMM and the DDM, the system-
wide flood reduction performance of the CNT LID Initiative far exceeds the CGA Project. This 
observed result is due to a combination of factors including the differences in LID element 
magnitude for each project and the differences in geospatial distribution density of LID elements 
for each project. The LID scenarios for the CNT LID Initiative were modeled based on a 
randomized geospatial allocation of potential locations, while the CGA Project LID scenarios were 
modeled based on planned implementation positions that were specific to a single road. As a result 
of this discrepancy in the relative position distribution of LID elements, it is expected that the CNT 
LID Initiative would show more of a system-wide influence than the CGA Project.  
 
Critical Node Evaluation 
 As discussed in Section 1.2, one of the primary sources of flooding faced by residents of 
Chatham is basement flooding resulting from sanitary sewer backups. As outlined in Section 4.2, 
in order to analyze the impact of the various LID infrastructure scenarios on basement flooding, 
proxy sewer junctions were selected at targeted locations immediately downstream of the planned 
LID infrastructure project areas. Figure 3.9 identifies the critical junction, Node 428, location 
associated with the CGA Project, while Figure 3.10 identifies the critical junction, Node 573, 
location associated with the CNT LID Initiative.  
 To establish a picture of the model comparison for the aggregate impact of the various LID 
scenarios on potential basement flooding, Figure 4.8 shows the summation of the reduction in 
HGL at each critical node location with respect to the base condition where no LID elements were 
simulated. The results observed in Figure 4.8 indicate that the net reduction in HGL at the critical 
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node locations increase in line with increasing LID infrastructure element distribution. However, 
the magnitude of the net reduction in HGL with respect to the critical node locations differ by two 
orders of magnitude between the SWMM and the DDM. The DDM is observed to simulate a 
significantly greater reduction in net HGL than the SWMM at the critical node locations. This 
discrepancy is likely due to the DDM’s tendency to predict more intense flow conditions than the 
SWMM. Due to the higher flow conditions simulated by the DDM, the reductions in HGL resulting 
from LID infrastructure implementation would be more pronounced, especially when observed at 


























CHAPTER 6: CONCLUSION 
 
6.1 Summary 
With urban flooding becoming an increasingly common and costly issue among 
municipalities around the U.S., new and innovative methodologies are needed for diagnosing 
sewer infrastructure problems and proposing effective solutions. The Chatham neighborhood in 
Chicago, IL is representative of community areas that struggle with systemic flooding, and as a 
result it has become the site of numerous community-based and government funded initiatives to 
address the stormwater infrastructure problems. Many of the proposed projects involve investment 
in LID infrastructure elements as a means to provide additional stormwater storage and infiltration. 
However, there has been a lack of hydrologic & hydraulic modeling efforts to diagnose the 
potential causes of flooding or to simulate the extent of the potential benefits of these initiatives.  
The two proposed LID infrastructure projects that were assessed for this study are the CGA 
Project and the CNT LID Initiative. The CGA Project is a municipality funded infrastructure 
improvement initiative that involves the implementation of permeable pavers and infiltrating tree 
pits along the edges of a major roadway running through the Chatham neighborhood. The CNT 
LID Initiative is a privately managed project intended to implement a series of residential LID 
elements in the form of dry wells and rain gardens.  
This study aims to examine the unique mechanics of the stormwater conveyance system 
within Chatham and to investigate the potential impacts of the two proposed LID infrastructure 
initiatives on localized flood management.  The investigation of these engineering elements was 
conducted utilizing a comparative modeling assessment to determine the differences in simulation 
results between a traditional SWMM framework and a dual drainage modeling method.  
SWMM is one of the most widely utilized hydrologic & hydraulic simulation tools in 
commercial modeling applications (Rossman, 2015). However, the development of various dual 
drainage modeling tools has gained momentum over the past 20 years (Djordjević et al., 1999; 
Nanía et al., 2015).  A dual drainage approach, which considers a coupling of overland flow 
conveyance through engineered roadways with sewer flow conveyance routing, may provide a 
more accurate approximation of the drainage conditions in a highly developed urban area.  Based 
on the analysis of the results, the contributions of this study can be summarized into three primary 
components: (i) an examination of the comparison between the SWMM and the DDM, (ii) an 
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assessment of unique conveyance attributes associated with the performance of the existing 
stormwater management system in Chatham, and (iii) an informative examination for community 
stakeholders regarding the extent of the flood management benefits offered by the proposed LID 
infrastructure projects. 
First, the comparison of the SWMM and the DDM simulations suggests that the dual 
drainage approach results in significantly higher system discharge peaks that also occur much 
earlier within an event duration than within the SWMM framework. This distinction is caused by 
the DDM’s consideration of the street network as an efficient conveyance mechanism, where flow 
routing is governed by open-channel flow equations.  
Second, the assessment of the conveyance hydraulics of the stormwater infrastructure in 
Chatham suggests that there is a distinct storm intensity that results in a significant reversal in the 
system outflow directionality. Under moderate storm conditions, the majority of the outflow from 
Chatham is discharged to the south to the Calumet WRP, while more severe storm conditions result 
in a reversal which sends the majority of the system outflow north to the Stickney WRP. This 
would suggest that there is a conveyance limitation, and that an interceptor sewer could be added 
to increase the flow discharge capacity toward the Calumet WRP.   
Third, the analysis of the various LID infrastructure scenarios suggests that while each of 
the proposed LID elements do provide some flood management benefits, the neighborhood scale 
impacts vary depending on storage capacity and geospatial distribution. The results indicate that, 
as anticipated, increased storage capacity represented by the increasing LID element concentration 
scenarios for the CNT LID Initiative result in more robust flood management impacts. However, 
the significantly higher impact on neighborhood scale flooding of the CNT LID Initiative 
compared with the CGA project suggests that the extent of geospatial variation of the various LID 
elements also plays a significant role.  
 
6.2 Data Limitations 
This study was vulnerable to a number of limitations due to a lack of available field data. 
These limitations were primarily associated with four distinct data types: (i) LID element 
parameters, (ii) model validation data, (iii) rainfall-derived inflow and infiltration (RDII) data, and 
(iv) groundwater piezometric data.  
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The majority of the LID element data that was utilized in this study was based on 
information provided by the stakeholders and engineers in charge of the two infrastructure 
improvement projects under consideration. However, given that many aspects of these projects are 
still in the planning phase, many parameters regarding LID element geometry and infiltration 
characteristics were estimated. While the assumptions that were made regarding these parameters 
were considered conservative, a more detailed dataset of the true LID element characteristics 
would reflect a more accurate set of simulations to better inform stakeholders. 
Ideally, this study would utilize available sewer flow or depth data, along with time series 
data revealing presence and absence of street flooding to perform model calibration and establish 
a model effectiveness comparison. However, given the complete lack of field data currently 
available for Chatham, proper model calibration and model effectiveness comparison calculations, 
such as the Nash-Sutcliff efficiency, were unable to be conducted. 
RDII is the component of flow into a sewer system that results from groundwater 
infiltrating into sewer conduits through cracks in aging pipes. Depending on groundwater depth 
levels, RDII can have a major contributing impact on flow rates and can become the cause of 
sanitary sewer backups. Data associated with the condition of the existing conduits in the system 
is necessary in order to properly approximate the RDII components of the system, which are often 
used as a model calibration parameter. Given the lack of data regarding RDII components within 
the Chatham subsewersheds, inflows due to RDII were not considered in this study.  
Given the high-water table elevations throughout the Chicago metropolitan area, it is likely 
that high groundwater levels result in significant RDII inputs in the sewer system. However, these 
impacts were not considered in this study because there is a gap in the available groundwater 
piezometric data for the Chatham neighborhood area.  
 
6.3 Future Work 
 A collaborative National Science Foundation funded research project called the Systems 
Approaches for Vulnerable Evaluation and Urban Resilience (SAVEUR) brings together academic 
researchers from Northwestern University, the University of Illinois system, and Argonne National 
Laboratory. The SAVEUR project seeks to utilize multi-disciplinary technology-based approaches 
to predict extreme environmental events and assess infrastructure vulnerabilities in urban 
neighborhoods more accurately. Chatham is one of the focus neighborhoods for the SAVEUR 
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project due to the systemic flooding issues, and continued community infrastructure investment. 
Future work seeking to address flood management infrastructure in Chatham while comparing the 
efficacy of dual drainage modeling will likely involve coordination with the SAVEUR project 
through three pathways: (i) field data collection and model calibration, (ii) LID element 
monitoring, and (iii) groundwater model coupling and evaluation. 
 One of the primary elements of the SAVEUR project is the development and deployment 
of a series of environmental data sensors that will be positioned around the city of Chicago that 
will collect data on air quality, surface water ponding, and atmospheric conditions. The sensors 
will be equipped with downward facing cameras that will be trained utilizing machine learning 
algorithms to identify the presence and absence of water on street surfaces. This real-time dataset 
will provide hydrologic & hydraulic models, like the ones discussed in this study, with adequate 
calibration data to assess model accuracy. In addition to the environmental sensors, the SAVEUR 
project will also be investing in in-situ flow meters to be positioned in strategic locations within 
Chatham, in order to provide additional sources of model calibration data. 
 The SAVEUR project will also be working in conjunction with the Center for 
Neighborhood Technology (CNT) to provide data monitoring support for the residential LID 
infrastructure elements that will be installed through the CNT LID Initiative. This localized data 
monitoring will provide additional LID parameter information that will be able to better inform 
future model construction.  
In addition to the LID data monitoring for the CNT LID Initiative, groundwater 
piezometers will be developed at various residential locations where LID elements are to be 
implemented. These groundwater monitoring points will provide crucial piezometric data that will 
be able to be leveraged into a groundwater flow model, such as the USGS’s modular hydrologic 
model, MODFLOW. A more detailed evaluation of the groundwater dynamics in Chatham 
coupled with datasets detailing depth and flow parameters of the stormwater conveyance network, 
will provide the full picture of the challenges facing Chatham and the solutions necessary to 
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